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Impact loading: physiological or pathological?
A number of interesting papers have been published this
year in Osteoarthritis & Cartilage, and other journals, pre-
senting results which claim to be pertinent to impact loading
of articular cartilage1–3. The data presented are a useful
addition to current knowledge as long they are interpreted
in the light of the described loading regime. However, the
nature of the loading used in these, and many other earlier,
papers raises the question, ‘what is an impact?’ While this
is not easy to define, we believe some guidelines can be
derived as to what constitutes a true impact load.
Impact loading is primarily of interest in musculoskeletal
tissues because of its relationship with trauma. Secondary
osteoarthritis (OA) is a common sequela to an impact load
being applied to a joint, for example as a consequence of
falling or a road traffic accident. It seems reasonable, then,
to expect that impact would involve loading rates, or strain
rates, that are greater than normally experienced during
walking, running or even jumping. During the normal gait
cycle for walking there is a rapid rise in foot-to-floor reaction
force from zero to a peak load of just over body weight
during the first approximately 100 ms after heel strike4,5.
During this phase, typical loads across the tibio–femoral
joint were calculated to be about three times body weight4.
Loading rates during this phase are, therefore, of the order
of 20 kN s−1, During stance phase the load dips and rises
again before dropping back to zero at toe-off. During running
and sprinting, this pattern of loading is speeded up so that
rise to peak load occurs over times as short as about 30 ms.
In this case, foot-to-floor reactions were measured at about
2 kN and, assuming a similar scaling as before, means that
tibio–femoral loading rates are of the order of 200 kN s−1.
Similar results have been measured at the hip, using an
instrumented prosthesis, and forces of up to about 3 kN
were recorded during jumping or jogging, and rates of load-
ing varied between about 20–60 kN s−1 6. Expressed in
terms of stresses on articular cartilage: if typical stresses in
the hip or knee are about 1–10 MPa, then stress rates would
be expected to be of the order of 10–100 MPa s−1 during
walking and could be up to an order of magnitude larger
when running. Given these data we would suggest that any
loading applied at these rates in this sort of time scale is
physiological and should not be described as impact.
Impact is determined by the rate of loading and not the
magnitude of the load, though this may tend to be high and
needs to be at least that experienced physiologically. One
published definition of an impact is a collision between two
objects in which the forces reach their maximum less than
50 ms after contact7. However, this would appear to be588unduly conservative given the physiological rates of loading
described above.
In many studies, forces are applied using a materials
testing machine, or various hydraulic or pneumatic devices.
Most of these instruments are not suited to studying impact
as the rates of loading that they can apply are far too low.
Early studies used a drop tower to impose strain rates of up
to 1000 s−1 as this was believed to be more representative
of events during road traffic accidents8. In our own exper-
iments, conducted using a drop tower in which a mass is
allowed to fall freely onto a sample, typical loading times
are of the order of 1 ms9,10. Loading rates we have
measured have been of the order of 100–1000 kN s−1 and
strain rates between 1300–1700 s−1. Our samples are
typically 5 mm diameter, giving an area of about 20 mm2
and peak stresses are typically between 5–40 MPa.
This results in rates of application of stress of about
5000–80 000 MPa s−1.
A corollary of defining impact is being able to describe
physiological loading regimes. There have been numerous
studies of mechanical stimulation of skeletal cells in vitro and
often only the loading frequency and magnitude is defined.
Even for frequencies of 1–2 Hz, if this is sinusoidal then the
rate of loading is considerably less than that experienced
during walking. It is not clear what difference this might make,
but to be representative of physiological loads the loading
cycle ought to rise over periods of the order of 30–150 ms. In
our own system we use a pneumatically driven device which
applies a square-like waveform. The rise to peak load takes
about 90 ms and the fall back to zero about 70 ms. The load
is held constant in between and the duration of loading and
unloading can be separately controlled.
In conclusion, true impact can probably only be studied
in a system in which load is applied by a relatively free
falling mass, e.g. either a drop tower or pendulum device.
With such a device, loads are transient and the time to
peak load is considerably less than 30 ms. To define an
impact, we would suggest load rise-times of the order of
milliseconds or shorter, and at least one of the following:
loading rates in excess of 100 kN s−1, stress rates greater
than 1000 MPa s−1 or strain rates greater than 500 s−1.
Times to peak load of 30–150 ms are physiological and
loading rates slower than this are probably not represen-
tative of cyclic loads experienced by cartilage or bone
in vivo during normal activities.
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